The aim of the study was to compile an inventory and determine the ecological characteristics of the spontaneous flora of the restored water reservoirs and their wet banks in the western part of Lublin in the years 1997-2013. The study objects are small reservoirs located at the UMCS Botanical Garden in the Czechówka River valley. These ponds are subjected to strong anthropogenic pressure. 68 plant species from 33 families and 58 genera were recorded in the flora of the ponds and their wet banks. An important feature of the described water bodies is the large proportion of native species (94% of the flora). Cryptophytes and hemicryptophytes as well as biological groups combining the features of hemicryptophytes and cryptophytes are the predominant life forms. Perennials account for 80% of the flora. The ponds and their wet banks are inhabited by 25 medicinal and 19 bee forage plants.
INTRODUCTION
River valleys in the temperate zone are the best model for investigations of species diversity, synanthropisation processes, and flora dynamics. This is associated with the remarkable diversity of the natural habitat and the centuries-long history of human management of riverside areas. River valleys perform the role of ecological corridors [1] and frequently function as diversity centers [2, 3] . Particularly important is the susceptibility of riparian ecosystems to invasion of alien plant species [4, 5] . In the recent years, considerable attention has been devoted to conservation and protection of urban river valleys [6, 7] . An example of such an area is the fragment of the Czechówka River valley with two ponds within the administrative boundaries of the Botanical Garden of Maria Curie--Skłodowska University (UMCS). The ponds are fed with the Czechówka River waters. The river is 18 km long and its catchment covers an area of 78.5 km 2 . The Czechówka is a fourth order river and a left tributary of the Bystrzyca River. Although there are many springs in its upper course, their low water discharge provides low amounts of water in both the Czechówka and its tributary, Łazęga River [8] . This situation is related to the lowered underground water table as a result of ongoing exploitation of underground waters by the "Sławinek" water utility (since 1961). The exploitation of underground waters reduced river recharge and simultaneously contributed to water escape from the riverbed [9] . The formation of a depression sink at the end of the 80's of the 20 th century led to the periodic disappearance of the Czechówka River and drying out of the ponds in the Botanical Garden. The change in the water relations resulted in the extinction of valuable pond plant and animal species. This fragment of the valley lost its landscape values for over 10 years. In 1996 and 2000, the ponds were revitalised using the latest technology for bottom sealing [10] . Polish flora species and species originating from various regions of the world were gradually introduced to the restored water bodies. Additionally, fragmented communities of spontaneophytes inhabited the ponds with varying intensity.
The aim of the study was to compile an inventory and assess the ecological characteristics of the spontaneous flora of the restored water reservoirs and their wet in the UMCS Botanical Garden in Lublin in the years 1997-2013. (Fig. 1) . The ponds are not intended for fishery management. Their high fertility leads to degradation of water quality (blue-green algae), which in turn affects fish populations.
MATERIALS AND METHODS

Methods
Floristic explorations of the ponds and their banks (up to a height of 1m) were performed three times in each season (April, June, and August) in the years 1997-2013 in pond A and 2000-2013 in pond B ( Table 1) . The nomenclature is consistent with that proposed by Index K e w e n s i s [12] . Families and genera as well as species within the genera follow the systematic order. The geographical-historical status of the taxa follows the papers by C h m i e l [13] and J a c k o w i a k [14] . The papers of Z a j ą c [15] and Z a j ą c et al. [16] were consulted in the case of alien species. Classification of life forms (according to Raunkiaer) was found in the work of Z a r z y c k i et al. [17] . Classification into medicinal and bee forage plant groups follows that defined by P o d b i e l k o ws k i and S u d n i k -W ó j c i k o w s k a [18] , K o ł -t o w s k i [19] , and L i p i ń s k i [20] . The indices of anthropogenic changes in the flora were calculated according to the following formulae (N denotes the number of all taxa investigated) [14, 21] :
-the index of synanthropisation = ApNo (number of apophytes) + AlienNo (number of anthropophytes) *100/N, -the index of apophytisation = ApNo *100/N, -the index of anthropophytisation = AlienNo *100/N. The rate of floristic changes in both water bodies was determined using the Jaccard species similarity index [13] . In 2005 In , 2008 , and 2013, the abundance degree was determined for the spontaneous species using a five-grade scale (Table 1) .
RESULTS
In total, 68 vascular plant species from 33 families and 58 genera were identified in the ponds (Table 1). A majority of the plants are angiosperms and they account for 98% of all the species. Dicotyledonous plants are represented by 40 taxa (59%) and monocotyledons by 27 taxa (39%). Cryptogamous plants are represented by Equisetum palustre. The number of species in the individual families ranged from 1 to 9. Families represented by the largest number of species include Poaceae (9 species), Compositae (7), Cyperaceae (5), followed by Brassicaceae, Boraginaceae, Lamiaceae, Scrophulariaceae and Lemnaceae (3). The three species-richest families constitute 31% of the entire flora (21 species). 18 families were represented by one species only. Carex is the species-richest genera (3 species).
The spontaneous flora of the investigated sites is dominated by native species, which account for 94% of the flora (64 species) ( Tables 1 and 2 ). The synanthropisation index is 62%. Lower values (56%) are reported for the apophytisation index. Only four alien species were found. This group includes one archeophyte, Armoracia rusticana, and three kenophytes, Impatiens parviflora, Elodea canadensis, and Solidago canadensis. The anthropophytisation index reaches 6%.
The analysed flora is dominated by hemicryptophytes and cryptophytes (37 species, 54% of the flora) ( Tables 1 and 2 ). Other notable biological groups are composed of plants that combine the characteristics of hemicryptophytes and cryptophytes (18 species, 26% of the flora). Perennials account for 80%. The proportion of therophytes is considerably lower (6%), but they dominate over phanerophytes (5%) and chamaephytes (3%). The least important role in this inventory is played by plants exhibiting combined characteristics of chamaephytes, hemicryptophytes and therophytes. The spontaneous flora of locality A comprises 66 species and locality B has 50 species. 48 taxa are common for the flora of both water bodies (70% of the flora) ( Table 1 , Fig. 2 ). The Jaccard species similarity index for the two localities reaches 1. 4 . 63 spontaneophytes and 3 anthropophytes were reported from locality A, and 48 spontaneophytes and 2 anthropophytes from locality B ( Table 1, Fig. 2) . The species occurring only in reservoir A (18 species) are characterised by poor growth and spread rates and form small clusters e.g. Berula erecta, Bolboschoenus maritimus, Lysimachia vulgaris, Rumex hydrolapathum, and Scrophularia umbrosa. They belong to hemicryptophytes and cryptophytes and plants exhibiting combined characteristics -H, Hy; G, H; G, Hy. The share of phanerophytes, chamaephytes, therophytes, C, H, and H, T is comparable in both ponds (Table 1, Fig. 2) . Armoracia rusticana and Sonchus arvensis occur only in locality B (Table 1) .
Free-floating plants Lemna minor and Spirodela polyrhiza were the first to appear on the newly restored ponds; next, the wet zones of the ponds were gradually (Fig. 3) . In the successive years, the number of new taxa declined considerably, until no new species were reported in the last years of the study. Encroaching spontaneophytes spread rapidly in the study area, colonising free spaces in the water bodies and their littoral zones. Based on the analysis of species abundance of the spontaneous flora (Fig. 4) , it was found that in 2005 the shares of species in the five consecutive groups (a-e) in the scale were roughly equ-al, with a slight advantage in the fifth group. In 2008 and 2013, the highest percentage was represented by highly expanding species classified in the fifth group (e -above 100 plants), while in the other groups (b-d) the number of species ranged from 8 to 15 (Table 1 , Fig. 4) . In 2013 only two phanerophytes, Salix fragilis and Sambucus nigra, were classified in the first group (a), whereas 30 species (44% of the investigated flora) belonged to the fifth group (e). In the last year of the study, the water bodies were dominated by free-floating plants from the class Lemnetea R. Tx. 1955 
DISCUSSION
Small water reservoirs located within urban developments primarily serve an aesthetic and recreational function. However, excessive human interference has disturbed the biotic conditions in such reservoirs. Eutrophication and pollution of surface waters lead to inhibited development of flora and fauna, resulting in their complete elimination from aquatic environments [7, [22] [23] [24] . Urban water bodies situated in densely built-up areas do not have a high natural value and their floristic composition is very poor. The rush community includes Phragmites australis and Typha angustifolia, and the submerged vegetation zone comprises Potamogeton crispus and Ceratophyllum demersum [25, 26] . The water table of these reservoirs is dominated by floating plant communities from the class Lemnetea R. Tx. 1955 , usually by Lemna minor often accompanied by Spirodela polyrhiza. During the growing season, these communities usually cover the entire water surface, thereby preventing the development of submerged plants and succession of shoreline vegetation.
Urban reservoirs are often maintained in good condition thanks to appropriate treatment practices such as dredging and vegetation spread (overgrowth) control. Examples of such water bodies located within large urban agglomeration areas include the reservoirs in the left-bank Warsaw [27] as well as in the centre of Szczecin [28] and Poznań [26] . The reservoirs located in the western part of Lublin can be included in this group of water bodies. Despite the similar ecological conditions prevailing in these water bodies, the inventory of spontaneous vegetation in the Lublin reservoirs is four-fold greater than that recorded in the water bodies of Warsaw, Szczecin, or Poznań. A high level of eutrophication in urban reservoirs has an adverse effect on biodiversity. Ceratophyllum demersum, Lemna minor, Myriophyllum spicatum, Phragmites australis, Potamogeton crispus, Spirodela polyrhiza, Typha angustifolia, and Typha latifolia are characterised by the greatest expansion. These species are often a major component of the spontaneous flora of these water bodies.
Detailed floristic investigations often indicate a high range of anthropophytisation index values. The highest values of this index are reported from the centres of large cities [29] . In contrast, the index values in the Vistula River valley ranged between 11% and 31% [4] , whereas at the study sites in the Czechówka River valley the index reached a value of 6%.
Despite human economic activity and natural processes, the areas of big cities still comprise water bodies that have a great natural and landscape value and provide a habitat for medicinal and bee forage plants [7] . These sites are usually under different forms of protection, which ensures their conservation. The Lublin reservoirs analysed com prise 25 medicinal plant species (37% of the spontaneous flora). The share of these plants in the investigated flora is high, considering the size of the study area. For comparison, the vast meadows and peatlands of Łęczna-Włodawa Lakeland near Lublin were reported to comprise 88 medicinal plant species [30] , while the entire Lubelszczyzna region -537 species [31] . Small enclaves of vegetation in cities are a source of valuable and diverse bee forage [32] . Similarly, small plant communities in agricultural landscape, i.e. baulks, mid-field woodlots and fallows, are important refuge areas for forage vegetation [33] . These habitats increase the floristic biodiversity of these areas and simultaneously provide multispecies forage beneficial for bee development. The biotopes analysed comprised 19 bee forage species representing 28% of the flora.
Small water bodies located in the centres of large cities are characterised by strong anthropogenic transformation. They usually comprise poor spontaneous flora typically dominated by several plant species, e.g. is dominated by native species, which account for 94% of the flora. 3 . The relatively rich species composition of the investigated sites is accompanied by a low proportion of anthropophytes, which is implied by the lower anthropophytisation index, compared to reservoirs in other cities. 4 . The biological spectrum is characterised by the dominance of perennials (cryptophytes and hemicryptophytes) over the other life forms. 5 . The proportion of species in the spontaneous flora of the small water reservoirs in Lublin is four-fold higher than that in similar urban water bodies in Warsaw, Szczecin, or Poznań. A common feature of urban water reservoirs is their poor floristic composition, primarily consisting of several expansive plant species, e.g. Glyceria maxima, Lemna minor, Myriophyllum spicatum, Phragmites australis, Potamogeton crispus, Spirodela polyrhiza, Typha angustifolia, and Typha latifolia colonising the entire reservoirs.
